INTRODUCTION
Predacious anthocorids, Orius spp. (Heteroptera: Anthocoridae) are a well-known group of natural enemies of thrips (Riudavets, 1995) . In Japan, O. strigicollis (Poppius), O. sauteri (Poppius), O. minutus (Linnaeus), O. nagaii Yasunaga, and O. tantillus (Motschulsky) are common (Yasunaga, 1997a, b, c) . Among these species, O. sauteri is known as an important indigenous natural enemy of Thrips palmi Karny on eggplants, Solanum sativa L. (Nagai et al., 1988; Nagai, 1990; Kawai, 1995) , and has mostly been investigated for the biological control of Frankliniella occidentalis (Pergande) and T. palmi (Kohno and Kashio, 1998; Nagai and Yano, 1999) . Although O. minutus is also a dominant species on eggplants (Ohno and Takemoto, 1997) , some field data suggest that this insect may prefer trees as its host (T. Noda, unpublished data) . On the other hand, O. strigicollis has been proposed as an effective biological control agent during the short days in the winter season because this species has a weaker reproductive diapause than O. sauteri, O. minutus, and O. nagai (Shimizu and Kawasaki, 2001; Kakimoto et al., 2003) . O. strigicollis, O. sauteri, and O. minutus are frequently found together on various kinds of crops and herbaceous plants (Yasunaga, 1997b) , and on deciduous trees such as mulberry, Morus spp. (Kakimoto et al., 2002) . However, the life history parameters of these Orius species have not been compared in detail except for their reproductive diapause (Shimizu and Kawasaki, 2001 ) and various developmental parameters (Kakimoto et al., 2003) .
To use Orius species for the biological control of thrips, it is important to clarify the reproductive potential of the Orius species and to compare this potential among species. In the present study, we compared the population growth parameters of O. strigicollis, O. sauteri, and O. minutus under different temperature regimes using eggs of the Mediterranean flour moth, Ephestia kuehniella Zeller, as a food source.
MATERIALS AND METHODS
Insects and general rearing procedure. Three Orius species were reared in a plastic case (15ϫ10ϫ5 cm) using E. kuehniella eggs as a food source and Othonna capensis L. H. Bailey twigs as oviposition substrates at 25°C and 16L : 8D for at least two generations before conducting our experiments. A mesh sheet (15ϫ10 cm), for shelter, and a piece of moist cotton wool, as a moisture source, were provided in the rearing case.
Adult longevity and fecundity. To investigate the adult longevity and fecundity at different temperatures, cohorts of the three species were reared from eggs to adults at 17, 20, 23, 26, and 29°C . To obtain unmated adults for the experiment, 4th-instar nymphs were isolated from the rearing case and reared individually in a plastic tube (1.5 cm diameterϫ5.5 cm length) using a leaf chip of O. capensis as the oviposition substrate and E. kuehniella eggs glued to a piece of adhesive paper as food. Within 24 h after adult emergence, a pair of adults was placed in a plastic petri dish (6 cm diameterϫ1 cm depth) and reared at the same temperature to determine nymphal growth. A twig with two or three leaves of O. capensis was provided as an oviposition substrate and moisture source. This twig was renewed every 24 h for all temperature treatments. We counted the number of eggs laid under a binocular microscope at 30ϫ magnification. If the male died before the coupled female began to oviposit, another newly emerged male was provided. As soon as a female started to oviposit, its male was isolated and reared in another plastic petri dish to investigate its longevity.
The fecundity and survival of female adults were examined every day until their death. A piece of adhesive sheet (1ϫ1 cm) containing 250-300 E. kuehniella eggs was provided as food. The food was renewed every 2 d. The longevity of adult males was examined in the same way as that for the females.
Data analyses. Comparison of species in longevity, lifetime fecundity, and mean daily oviposition rate were analyzed by two-way ANOVA and Sheffé's test using StatView software (SAS Institute, Inc., 1998) .
The intrinsic rate of natural increase (r m ) and the net reproductive rate (R 0 ) were calculated from the survival rate (l x ) of the immature and adult stages and from the age-specific fertility schedule (m x ) by the equations of Birch (1948) . The female sex ratio was assumed to be 0.5 (i.e., we assumed equal numbers of males and females). The mean generation time (T) was calculated using the equation of Laughlin (1965) .
Pre-imaginal development periods and the survival rates from 17 to 26°C were those reported by Kakimoto et al. (2003) , and those at 29°C were obtained in the same way as for Kakimoto et al. (2003) Non-ovipositing females were included for the calculations of longevity, fecundity, mean daily oviposition rate, and population growth parameters.
RESULTS

Reproductive characteristics
The longevity of the female and male adults for the three Orius species differed significantly among species and were significantly influenced by temperature (Table 1) . A significant correlation between the temperature and species factors was found, which indicated that temperature affected the longevity of the three Orius species differently. In O. strigicollis, the females lived significantly longer at 23°C than at 29°C ( (Table 1) . A nonsignificant correlation between the temperature and species factors indicated that temperature similarly affected the fecundity of the three Orius species. Although there was no significant difference among temperatures in the lifetime fecundity of O. strigicollis, the species' fecundity steadily increased as the temperature increased (Table 3) . In contrast, the lifetime fecundity of O. sauteri was significantly larger at 26°C than at 17 and 23°C (Table 3 ). The lifetime fecundity of O. minutus was also the largest at 26°C, but there was no significant difference among temperatures (Table 3) . Although the lifetime fecundity of O. minutus was significantly larger than those of the other two species at 17°C, there were no significant differences among species at the other temperatures (Table 3) Although the mean daily oviposition rate was significantly different among temperatures, it was not significantly different among species (Table 1) . There was a significant correlation between the temperature and species factors. This indicated that temperature affects the mean daily oviposition rate for the three Orius species differently. The mean daily oviposition rate of O. strigicollis increased significantly from 23 to 29°C (Table 6 ). The mean daily oviposition rate of O. sauteri increased as temperature increased, and differed significantly between 17 to 20°C and 23 to 29°C (Table 6 ). The mean daily oviposition rate of O. minutus increased as temperature increased, and differed significantly between 17 to 20°C and 26 to 29°C (Table 6 ). The mean daily oviposition rate of O. strigicollis at 29°C was significantly higher than that for other combinations of temperatures and species.
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Oviposition and survivorship curves at different temperatures
The oviposition and survivorship curves for the three Orius species at different temperatures are shown in Figs. 1 and 2 . The ages at the times of first oviposition, peak oviposition, and last oviposition became earlier in all species as temperature increased (Fig. 1) . Although the shapes of oviposition curves were similar between O. sauteri and O. minutus, those of O. strigicollis differed from the other two species; at 17°C, the oviposition curve of O. strigicollis started to rise about 4 d earlier than the other two species and reached a high peak, while the shapes of O. sauteri and O. minutus remained at a plateau; at 23°C, the peak of the oviposition curve for O. strigicollis was lower than that of the other two species; at 29°C, the ages of the first, peak, and last reproduction of O. strigicollis were obviously earlier than those of the other species. Below 20°C, O. minutus survived longer than the other two species, whereas at 23°C, O. strigicollis survived longer than the other two species (Fig. 2) . The time when the cumulate mortality reached 50% at 17°C was the earliest for O. strigicollis, and that at 23°C was the earliest for O. sauteri. Over 26°C, the survivorship curves of the three species were similar.
Population growth parameters at different temperatures
The mean generation times (T) of O. strigicollis decreased at temperatures above 20°C (Table 7) . The T-values of O. sauteri and O. minutus decreased as the temperature increased from 17 to 29°C (Table 7 ). The T-value was the longest in O. minutus at 17°C and in O. strigicollis at 20°C. At any temperature from 23 to 29°C, the T-value was almost the same for all three species.
The net reproductive rate (R 0 ) of O. strigicollis increased as the temperature increased (Table 7) . On the other hand, the R 0 -values of O. sauteri and O. minutus were the highest at 26°C and the lowest at 17°C (Table 7) . Although the R 0 -value of O. sauteri was low at 23°C, the values at 20 and 29°C were almost the same. The R 0 -values of O. minutus were almost the same at 20, 23, and 29°C. The R 0 -value of O. minutus was the highest among the three species from 17 to 26°C, but that of O. strigicollis was the highest at 29°C.
The intrinsic rate of natural increase (r m ) of O. strigicollis increased exponentially as the temperature increased (Table 7 ). The r m -values of O. sauteri and O. minutus increased less rapidly as the 252 K. KAKIMOTO et al. Fig. 1 . Oviposition curves of three Orius species at different temperatures. The number of insects for each species and temperature is the same as that of the longevity, total fecundity, and mean daily oviposition rate shown in Tables 2, 3, and 6. Fig. 2 . Survivorship curves of three Orius species at different temperatures. The number of insects for each species and temperature is the same as that for the longevity, total fecundity, and mean daily oviposition rate shown in Tables 2, 3 , and 6. temperature increased (Table 7) . Consequently, there was no large difference between the r m -values of O. sauteri and O. minutus at 29°C, but that of O. strigicollis was considerably higher than the other two species. This trend was similar to those for lifetime fecundity, mean daily oviposition rate, and R 0 -value.
DISCUSSION
The mean daily oviposition rate of O. sauteri at 26°C in our study was almost the same as that reported by Nagai and Yano (1999) , who used T. palmi as a diet at 25°C, and that reported by Murai et al. (2001) and Yano et al. (2002) , who used E. kuehniella eggs as a diet at 24 and 25°C. On the other hand, although the longevity and fecundity values in our study were almost the same as those reported by Murai et al. (2001) and Yano et al. (2002) , the longevity was longer and the fecundity was larger than that reported by Nagai and Yano (1999) . It has been reported that dietary differences affect the longevity and fecundity of Orius species (Kiman and Yeargan, 1985; Bush et al., 1993; Chyzik et al., 1995 (Tommasini and Nicoli, 1993) and those of O. insidiosus fed on moth, Heliothis virescens (F.), eggs (Kiman and Yeargan, 1985) lived longer and laid more eggs than those fed on thrips: Frankliniella occidentalis (Tommasini and Nicoli, 1993) and Sericothrips variabilis (Beach) (Kiman and Yeargan, 1985) . Honda et al. (1998) and Yano et al. (2002) also reported that Orius species collected in Japan produce more eggs when provided E. kuehniella eggs than with their natural hosts. Our results are consistent with these reports.
Interestingly, non-ovipositing females were found in all species and at all temperatures examined in this study. Nagai and Yano (1999) reported that all females reared at 20, 25, and 30°C laid eggs, whereas 50% of females of O. sauteri did not lay eggs at 15°C when using T. palmi as a diet, and they attributed this phenomenon to the stronger reproductive diapause and decrease in mating activity at low temperatures. In our study, however, nonovipositing females were found at both low and high temperatures, and similar results to our study have been reported in other studies. Murai et al. (2001) reported that 28.6% of O. sauteri reared at 25°C using E. kuehniella eggs as the diet under long-day conditions (16L : 8D) did not lay eggs. Furthermore, Shimizu and Kawasaki (2001) reported the presence of non-ovipositing females even in the non-diapausing Okinawa strain of O. strigicollis reared as a colony at 20°C using E. kuehniella eggs as the diet under long-day conditions (16L : 8D). As shown in these results, nonovipositing females were observed when reared under non-diapause conditions and even in the non-diapause strain. Thus, it is hard to attribute the occurrence of non-ovipositing females to diapause and decreased mating activity at low temperatures. According to Honda et al. (1998) , unmated females of O. sauteri and O. minutus lived longer than the mated females. However, our study showed that the longevity of non-ovipositing females is generally shorter than that of ovipositing females. This suggests that most of the non-ovipositing females may not be able to develop normally. However, some non-ovipositing females survived as long as ovipositing females. Two explanations for the existence of non-ovipositing Orius females are suggested. First, it is possible that some pairs did not complete copulation even under medium and high Reproductive Potential of Three Orius Species 253 temperatures. Second, the occurrence of nonovipositing females may be attributed to the nutrition contents of E. kuehniella eggs as a diet. For example, Noda and Kamano (2000) reported that southern green stink bug, Nezara viridula (L.), females fed on artificial diets laid as many eggs as females fed on plant seeds, whereas some females failed to lay any eggs. They also suggested that some nutrition contents in the diet might affect the fecundity of the bug. Many Orius species can be successfully reared on E. kuehniella eggs (Alauzet et al., 1992 (Alauzet et al., , 1994 Tommasini and Nicoli, 1993; Richards and Schmidt, 1996; Cocuzza et al., 1997; Vacante et al., 1997; Honda et al., 1998; Yano et al., 2002) . However, the existence of non-ovipositing females is an important problem from the viewpoint of quality control in the mass-production of Orius species as a biological control agent. Theoretical work on the r m -value (Lewontin, 1965) has shown that total longevity, determined by the ages of the first reproduction, peak reproduction, and last reproduction, affects the r m -value. The r m -value for O. sauteri reared at 26°C in our study (0.110) was similar to that (0.115) for O. sauteri reared at 25°C by Yano et al. (2002) . However, our r m -value was lower than that of O. sauteri (0.128) reared at 25°C by Nagai and Yano (1999) . It seems that this difference could be attributed to the later ages of last reproduction in our study, which may be caused by the difference in diet.
The population growth parameters obtained in this study differed among the three Orius species. Although T-values were similar among the three species at all temperatures, R 0 and r m -values were different among species and temperatures. Although the lifetime fecundity and net reproductive rate (R 0 ) of O. minutus were larger than those of O. strigicollis and O. sauteri from 17 to 26°C, the r mvalues were almost the same among these species. This result seems to be due to the later ages of first reproduction in O. minutus. On the other hand, the lifetime fecundity and R 0 -values of O. sauteri and O. minutus decreased from 26 to 29°C, whereas the R 0 and r m -values of O. strigicollis, which laid many eggs intensively over a short period of time, were far higher than those of the other two species at 29°C. In conclusion, we believe that these three indigenous species have similar reproductive potential at low and medium temperatures, but O. strigicollis has greater potential than the other two species at high temperatures under laboratory conditions. Of course these data cannot be applied directly for field conditions because the parameters are based on the use of a non-natural host, the eggs of the Mediterranean flour moth.
The reproductive parameters obtained in the present study may be useful for refining the rearing method of Orius spp. as biological control agents. To identify the most useful species of Orius for different field conditions, further investigation is needed to determine the predatory ability of these species against thrips, including T. palmi and F. occidentalis, in both the laboratory and field.
